The rise in the failure of mechanical components, some of which are attributable to poor weld joints has given rise to research study on the optimization of weld joint strengths. The quality of welds is highly dependent on the right combination of input process parameters. Irrespective of the welding process, the need for the right combination of input process parameters cannot be over emphasized. To achieve a desired weld quality, the weld features such bead geometry and the mechanical properties were examined and related to the weld input parameters. The Response Surface Methodology (RSM) was used to predict and optimize the weld strength properties (tensile strength and hardness) of a Gas Tungsten Arc Welded 10mm thick mild steel plate. Model adequacy checks, was done using analysis of variance (ANOVA) and found to be adequate. The ANOVA showed that current and gas flow rate had the most significant effect on the tensile strength, but on the Hardness, the gas flow rate and filler rod had the most significant effect. The model F-value of 12.69 at a P value of 0.0001 for the tensile strength and F-value of 8.51 at a P value of 0.0001 for the hardness, showed the significance of the model employed. The optimal tensile strength of 497.555N/mm 2 and Hardness of 192.556BHN was observed at a current of 170.12 amp, voltage of 19.84 volt, gas flow rate of 23.92 l/min and filler rod diameter of 2.4mm.
INTRODUCTION
Welding is a major need for most manufacturing industries, almost every industry where metals are used cannot survive without welding. Welding, which is a major means of fabrication is the back bone of all metal products. Among the various welding processes available, Tungsten Inert Gas (TIG) welding has become the process of choice for exotic metals and joints of high quality, as well as totally precise welds that can be done on any weldable metal [1] . Generally, the quality of a welded joint, (in terms of different features such as mechanical properties), is directly influenced by the weld input process parameters. By varying the input process parameters combination, the output would produce different welded joints with significant variation in their mechanical properties. Therefore, the essence of a control system in arc welding is necessary to eliminate much of the "guess work" often employed by welders to specify welding parameters for a given task [2] . The objective of this study is to predict and optimize weld strength properties of tungsten-inert gas welded mild steel plate using the Response Surface Methodology.
2. LITERATURE REVIEW Investigation into the relationship between the welding process parameters and bead geometry began in the mid-1900s and regression analysis was applied to welding geometry research [3, 4] . Quite a large number of techniques have been developed by researchers to solve parameter optimization problems, amongst which are experimental techniques comprising statistical design of experiment, such as Taguchi method, and Response Surface Methodology (RSM). These techniques have become necessary in order to correlate the input parameters to the output variables and to optimize the welding process through the use of developed models. RSM is a collection of mathematical and statistical techniques for empirical model building, in which a response of interest is influenced by several variables and the objective is to optimize this response [5] . One of the goals for Response Surface Method is to find the optimum response. When there is more than one response then it is important to find the compromise optimum that does not optimize only one response [6] . Benyounis and Olabi [7] applied RSM to investigate the effect of laser welding parameters (laser power, welding speed and focal point position) based on four responses (heat input, penetration, bead width and width of heat affected zone) in CO2 laser buttwelding of medium carbon steel plates of 5 mm thick. They found that the heat input plays an important role in the weld-bead parameters; welding speed has a negative effect while laser power has a positive effect on all the responses. The optimization of CO2 Welding Process Parameters for Weld Bead Penetration of Mild Steel using RSM was reported by [8] . Mathematical models were developed correlating the welding process parameters such as voltage, travel speed and welding current with weld bead penetration. The optimized values of the various input parameters obtained, were recorded as follows: arc voltage -20V, travel speed -40cm/min, welding current -230A, maximum bead penetration corresponding data is 0.88mm. Koleva [9] employed the use of RSM to establish the relationship between performance characteristics (weld depth, weld width and thermal efficiency) and its influencing factors (beam power, welding velocity, focus position, focusing current of the beam and the distance to the sample surface) for austenitic stainless steel. Optimal welding regimes were found through the thermal efficiency optimization.
3. METHODOLOGY Mild steel plate of 10mm thick was selected as the material used for the experiment. In order to produce weld specimens, a joint consisting of two mild steel coupons each cut to dimensions of 50mm x 100mm with the aid of a power hack saw and ground at the edges were prepared. The input and output parameters chosen for this study were as follows: One of the conventional common approaches utilized by many engineers in manufacturing companies is onevariable-at-a-time (OVAT), where the engineer varies one variable at a time keeping all other variables involved in the experiment fixed. This approach requires large resources to obtain a limited amount of information about the process which is why methods with statistical bases have been developed [10] . It is important to know that some factors may have strong effects on the response, others may have moderate effects and some no effects at all. Therefore, the aim of a well designed experiment is to specify which set of factors in the process affects the process performance most, and then identify best levels for these factors capable of giving the desired quality level. Using the design expert software, a central composite design (CCD) of 30 experimental runs (6 center points, 8 axial points and 16 factorial points) was developed as shown in Table 2 . 3.1 Welding of Steel Plates and Edge Preparation of Specimens Three stages were followed for the experiment. First stage: the metal plate with the prepared edges was taken for forming the welded joint as displayed in the specimen sample shown in Figure 1 . The second stage was the welding process and the joint formation using the design matrix. The third stage was the testing and recording of the responses (tensile strength and hardness). With the thirty (30) experimental runs generated in table 2, thirty coupons were welded using the Gas Tungsten Arc Welding Process and thereafter allowed to cool naturally in open air, with all necessary precautions observed. The welded plates were sliced in transverse section as shown in Figure 2 to obtained samples for the tensile and hardness test.
Tensile Strength Test
Tensile samples as shown in Figure 3 were prepared by milling of the top and bottom surfaces to remove flashing and other surface irregularities in accordance with ASTM specification E8/E8M-11. The tensile test was performed on all the thirty welded specimens, using the universal testing machine. Hardness is a measure of how resistant a solid matter is to various kinds of permanent shape change when a force is applied. Rockwell hardness testing is a general method for measuring the bulk hardness of metallic and polymer materials. With the use of a Rockwell hardness testing machine, thirty welded samples were tested for hardness. Response Surface Methodology (RSM): The basic concept of RSM include experimental design, regression analysis and optimization algorithms which are used to investigate the empirical relationship. RSM allows you to specify and fit a model up to the second order, usually a second order model is utilized in response surface methodology [11] and is given by Equation (1).
The β parameters of the polynomials are estimated by the method of least squares. Where: y is the response factor, βo is the intercept value, βi (i= 1, 2, k) is the first order model coefficient, βij is the interaction effect, and βii represents the quadratic coefficients of xi, and e is the random error.
PRESENTATION OF RESULTS AND DISCUSSION
The randomized design which contains the welding variables and their range of values as well as the experimental results of the response variables (tensile strength and hardness) is presented in Table 3 .
Analysis of variance (ANOVA) was needed to check whether or not the model is significant and also to evaluate the significant contributions of the controlling variables towards each response. It uses the F-value which is the variance of the group means and P-value which is the probability of obtaining a result at least as extreme as the one that was actually observed. A large F-value along with a low P-value (0.05% and below) signifies the absence of external influence on the variance as well as confirms that the model is significant [12] . Figure 4 shows a Model F-value of 12.69 along with a pvalue of 0.01%, which implies the model is significant, an indication that there is only a 0.01% chance a "Model F-Value" this large could have occured due to noise. Values of "P-value" less than 0.0500 indicate model terms are significant as stated earlier. Current and gas flow rate from oberservation had the most significant effects on the response. Figure 5 which is the ANOVA observation for the hardness depicts a Model F-value of 8.51 with a p value of 0.01%. This implies that the model is significant, based on the theory that there is only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of p value less than 0.0500 indicate model terms with significant effect on the response. From Figure 5 , observation shows that gas flow rate and filler rod, had the most significant efffect on the response. 
OPTIMAL EQUATIONS BASED ON CODED VARIABLES
The optimal equation which shows the individual effects and combined interactions of the selected variables against the measured responses (tensile strength and hardness are presented in equations (3) and (4) Lower residual values resulting to lower leverages as observed in Table 4 The high coefficient of determination (r 2 = 0.9221 and 0.8881) observed in Figures 9 and 10 were used to establish the suitability of RSM in optimizing the tensile strength and hardness value. The model graphs which shows the interactions of the combine variables on the measured responses were evaluated using the 3D surface plot as shown in Figures 11, 12, 13 and 14 respectively. Figure 11 shows that variation of current and voltage remarkably affected the tensile strength of the material. As the voltage and current increased, the tensile strength displayed a corresponding increase until a certain point where further increase in voltage and current signified a decrease. 
CONCLUSION
The Response Surface Methodology (RSM) was used successfully in carrying out the optimization process.
The optimum values for the responses, as well as their corresponding input parameters were obtained. Using the Response Surface Methodology, the tensile strength and hardness were modeled with quadratic regression models as functions of the process parameters of current, voltage, gas flow rate and filler rod dia. Model adequacy checks was carried out using the analysis of variance ANOVA. The ANOVA check showed that the parameter gas flow rate has the most significant effect on the tensile strength, followed by the welding current. A similar check on the Hardness showed that the gas flow rate and filler rod had the most significant effect on it. The experimentally obtained data were compared with the predicted values for both the responses and the errors were found to be within the acceptable level. The experiment was observed to have a VIF of 1 which signifies theres no multicollinearity. The optimal tensile strength and Hardness was observed at a current of 170.12 amp, voltage 19.84 volt, gas flow rate 23.92 l/min and filter rod 2.4mm with a desirability value of 1.00.
